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Description 

Field of the Invention 

[0001] The present invention relates generally to flu- 
orescent lamps and, more particularly, to high-frequen- 
cy electronic dimming ballasts therefor 

Background of the Invention 

[0002] Typical modern dimmable fluorescent lamp 
systems include a high-frequency resonant ballast in- 
verter operating from a do input voltage source and sup- 
plying approximately sinusoidal high-frequency ac cur- 
rent to the fluorescent lamp(s). The do input voltage to 
the ballast is typically obtained by rectifying an ac utility 
voltage or, alternatively, directly from a do source such 
as a battery. By operating the resonant ballast inverter 
above its natural resonance, the output characteristics 
of the inverter resemble an ideal ac current source, and 
the dimming function is achieved by increasing the in- 
verter switching frequency which, in turn, reduces the 
lamp current. In addition to regulating light output of the 
lamp, the ballast inverter also provides high output volt- 
age for starting the lamp(s) having an amplitude which 
is usually two to three times higher than the lamp voltage 
during normal operation. A ballast system generally in 
accordance with the preamble of claim 1 hereof is de- 
scribed in EP-A-0,338,109. 

[0003] To maximize efficiency, it is desirable to have 
zero-voltage switching (ZVS) operation of the inverter 
switching devices which greatly reduces switching loss- 
es. (ZVS is switching a device with zero voltage there- 
across.) On the other hand, if the same resonant inverter 
is operated below resonance, ZVS operation is lost and 
the devices of the inverter are hardswitched, resulting 
in relatively high switching losses. Therefore, in highfre- 
quency ballasts with a wide dimming range, i.e., 100% 
to about 1 % full light output, it is desirable to enable 
ZVS operation throughout the entire dimming range. It 
is also desirable to maintain ZVS operation and the full 
dimming range with a wide input do voltage range, e.g., 
two-to-one. Still further, it is desirable to achieve the 
aforementioned features over a relatively narrow 
switching frequency range in order to lower switching 
losses, reduce likelihood of interference with other 
equipment, and to reduce resonant switching stresses. 
[0004] Accordingly, it is desirable to provide a control 
for a dimmable fluorescent lamp ballast which maintains 
operation above resonance over a wide do input voltage 
range and throughout the entire dimming range, while 
maintaining a relatively narrow switching frequency 
range. In addition, because ballast inverter operation 
below resonance results in relatively high switching 
losses and could cause overheating and even failure of 
switching devices, it is desirable to have a protective 
feature for detecting and preventing prolonged opera- 
tion of the ballast below resonance. The large amplitude 



of the output voltage waveform during starting is also 
potentially damaging to resonant components at the 
output of the ballast inverter such that some type of ov- 
ervoltage protection is desirable. Such overvoltage pro- 
5 tection should not interfere with normal starting and run- 
ning operation of the ballast, but should prevent the out- 
put voltage from exceeding a predetermined value by 
shutting down operation of the inverter. (It should be not- 
ed that during ZVS operation, the resonant ballast in- 
fo verter is immune to a short circuit condition at the output, 
making it unnecessary to protect a system operating 
with ZVS against this failure mode.) 



15 



Summary of the Invention 



[0005] According to the present invention, there is 
provided a ballast system in accordance with claim 1 
hereof. 

[0006] A ballast system for at least one dimmable flu- 
20 orescent lamp comprises a resonant switching inverter 
and a controller therefor which controls the inverter to 
operate above resonance during starting and normal 
running operation. The controller preferably comprises 
a pulse width modulation (PWM) regulator. After a start 
25 delay timer allows time for the lamp filaments to heat up, 
the PWM regulator provides control signals to a gate 
driver to drive the switching devices of the switching in- 
verter initially at a relatively high frequency (i.e., higher 
than a normal operating frequency for the lamp) and 
30 then reduces the frequency until a sufficiently high volt- 
age is reached to start the lamp. Once the lamp is start- 
ed, the inverter is operated in its normal feedback mode 
to feed back sensed lamp current signals to the PWM 
regulator which compares the sensed lamp current sig- 
35 nals with a commanded current signal. 

[0007] The ballast system further comprises an over- 
voltage shutdown mechanism with two different thresh- 
old levels. During lamp starting, if the output voltage is 
greater than a first overvoltage shutdown threshold, 
40 then an overvoltage shutdown timer is activated to shut 
down operation of the inverter for a predetermined ov- 
ervoltage shutdown period. After the lamp has started, 
a second overvoltage shutdown threshold is activated 
which is lower than the first overvoltage threshold for 
4 $ avoiding operation of the inverter below resonance. 
[0008] The gate driver circuit control is operated to 
provide gating signals with a constant OFF-time, varia- 
ble ON-time. In this way, both the frequency and duty 
cycle of the square wave voltage waveform at the input 
so of the inverter resonant circuit are variable to achieve a 
wide dimming range over a relatively narrow frequency 
span. Advantageously, the narrow frequency range re- 
sults in lower switching losses, a reduced likelihood of 
interference with other equipment, and reduced stress- 
es es on resonant circuit components. 



2 



J 



EP000818129 [http://wvw.getthepaten^ Page 3 of 9 



3 EP 0 818 129 B1 4 



Brief Description of the Drawings 

[0009] The features and advantages of the present in- 
vention wiil become apparent from the following detailed 
description of the invention when read with the accom- 5 
panying drawings in which: 

FIG. 1 schematically illustrates a ballast system in 
accordance with the present invention; and 

10 

FIG. 2 graphically illustrates frequency response for 
a ballast system such as that of FIG. 1 . 

Detailed Description of the Invention 

15 

[0010] FIG. I schematically illustrates a fluorescent 
lamp system in accordance with the present invention. 
By way of example, FIG. 1 illustrates a two-lamp system 
with fluorescent lamps 1 2 and 22. It is to be understood, 
however, that the present invention applies to fluores- 20 
cent lamp systems having one or more lamps. The bal- 
last inverter 1 0 is shown schematically as comprising a 
conventional half-bridge resonant switching ballast con- 
figuration for a fluorescent lamp. A capacitor C1 , typi- 
cally electrolytic, is coupled across the ballast input in 25 
order to provide a rectified, filtered dc voltage to a half- 
bridge connection of switching devices Q1 and Q2. This 
input is typically obtained from rectifying an ac utility 
voltage. Alternatively, it can be obtained directly from a 
dc source such as a battery. A PWM regulator 11 pro- 30 
vides gate drive signals to gate driver circuit 13 for al- 
ternately switching devices Q1 and Q2 to provide bi-di- 
rectional current flow through a resonant circuit, includ- 
ing an inductor L1 and a capacitor C4, which is shown 
as being coupled through an output transformer To and 35 
a capacitor C2 to the junction between the switching de- 
vices Q1 and Q2. The series-connected lamps 12 and 
22 are connected across series-connected capacitors 
C3 and C4. The capacitor C3 is used to extend the dim- 
ming range of the ballast by changing the resonant char- *o 
acteristics of the resonant circuit after the lamp starts. 
A resistor R3 is provided as a current sensor for control- 
ling the lamp dimming function in a manner well-known 
in the art. A starting capacitor C5 is connected between 
the junction joining the lamps and ground, which mo- *5 
mentarily shorts the lamp 22 so that a higher voltage is 
applied to the lamp 12 for starting. 
[0011] FIG. 2 shows a family of frequency response 
curves for an exemplary ballast inverter system such as 
that of FIG. 1 . Each curve represents output voltage Vo so 
as a function of frequency of input voltage v ac and with 
a total lamp resistance R temp as a changed parameter. 
Input voltage amplitude was constant. To achieve high- 
efficiency operation, it is desirable to operate the lamp 
(s) during starting and running above the resonant fre- ss 
quency f r , i.e., on the right side of the peak of the re- 
spective frequency response curve. Operation above 
the resonant frequency allows for ZVS of the active de- 



vices of the ballast inverter and hence higher efficiency. 
[0012] It is important to note that the resonant fre- 
quency f r of the inverter shown in FIG. 1 changes with 
loading as can be seen by looking at the peaks of the 
resonant curves in FIG. 2. This is easy to understand by 
examining two extreme load cases in FIG. 1. During 
starting, before the lamps are ignited, the impedance of 
both lamps 12 and 22 is essentially infinite, and the self- 
resonant frequency of the resonant inverter is approxi- 
mately 



2nJUC4 ' 

When the lamps are illuminated and at full brightness, 
the impedance of both lamps is much lower than imped- 
ance of the capacitor C3 at the operating frequency, and 
the self-resonant frequency of the resonant inverter can 
be approximated as 



* 2tWL1(C4+C3) ' 

As the lamps are dimmed, their impedance increases 
and the loading of the resonant inverter changes, also 
changing its resonant frequency. This is clearly shown 
in FIG. 2. where the load resistance parameter is 
changed from R,^ = 550tt, representing the resist- 
ance of two lamps at full brightness, to R| amp3 = 8kQ, 
which is approximately the resistance of two lamps at 
5% brightness. 

[0013] In accordance with the present invention, a 
high-frequency electronic ballast system for driving one 
or more fluorescent lamps includes a starting control for 
starting the lamp(s) at a frequency above the resonant 
frequency f^, an overvoltage protection mechanism 
during both starting and normal operation, and a dual 
voltage control for operating the lamp over a wide dim- 
ming range. 

[0014] In operation of the ballast system of FIG. 1, 
lamp current i ac is sensed by the sensing resistor R3 
and is provided to the PWM regulator via an absolute 
value circuit 24. (Although the resistor R3 is provided for 
sensing lamp current, any other device suitable for pro- 
viding a signal indicative of light output may be em- 
ployed.) An overvoltage protection circuit 30 comprises 
a switching device Q3 in series with a resistor R4 con- 
nected between the junction a joining resistors R1 and 
R2 and ground. The junction a is connected to the non- 
inverting input of an overvoltage shutdown (OVSD) 
comparator 32. The inverting input of the comparator 32 
is connected to a Zener diode 34. The output of the com- 
parator 32 is provided as an input to an overvoltage 
shutdown timer 36 which in turn provides an input to the 
gate driver circuit 13. The output of the timer 36 is also 
provided to the PWM regulator 1 1 via the series connec- 



« 

EP000818129 [http://www.getthepatent.ro p age 4 0 f 9 



5 EP 0 818 129 B1 6 



tion of diodes D 1 and D3 and a resistor R5. The output 
of a start delay timer 40 is also provided as an input to 
the PWM regulator 11 via diodes D2 and D3 and the 
resistor R5. The cathodes of diodes D1 and D2 are con- 
nected together at a junction b which is coupled to the 
gate of the switching device Q3 via a diode D4 and an 
RC delay circuit 41 , 

[0015] To start the lamps, the capacitor C5 momen- 
tarily shorts the lamp 22 so that a higher voltage is ap- 
plied to the other lamp 12 for starting, in addition, the 
start delay timer 40 delays starting the lamps until after 
the start delay timer 40 times out in order to allow the 
lamp filaments (which are supplied by a separate power 
supply (not shown)) to heat up before actually starting 
the lamps so that minimum sputtering of the filament 
emission mix occurs as the lamp discharge current be- 
gins to flow. FIG. 1 illustrates an exemplary start delay 
timer which provides an approximately 3.5 second time 
delay. 

[0016] The PWM regulator 11 is operated to start at a 
predetermined relatively high frequency, i.e., higher 
than the open circuit resonant frequency^, and "sweep 
down" through lower frequencies causing the output 
voltage Vo to build up as the peak of the resonant curve 
is approached (see resonant curve 42 of FIG. 2). When 
the voltage Vo is high enough to break down the dis- 
charge into the initial visible stages of ionization (this 
starting voltage amplitude is usually between 400-700V 
for a two-lamp ballast, depending on the ambient tem- 
perature), the discharge current is established. Such op- 
eration may be explained graphically with reference to 
FIG. 2 wherein operation moves from a curve (e.g., 42) 
representing highly unloaded, i.e., the high impedance 
case before the lamps are started, to operation on a 
loaded curve (e.g., 43, 44, 45) where the lamps are run- 
ning. This can also be seen by looking at the curve 46 
of FIG. 2 which approximately shows the loci of all lamp 
operating points from full light output (operating point at 
53 kHz) to approximately 5% light output (at 70 kHz). 
Each operating point on the curve 46 is determined by 
intersection of the inverter output characteristic (reso- 
nant circuit frequency response) for that particular out- 
put load (curves 42 through 45) and the lamp voltage- 
current characteristic (not shown). It is importantto note 
that during both starting and running operation through- 
out the entire dimming range, the loci of lamp operating 
points always remain on the right-hand side of the res- 
onance of the corresponding resonant curve (42 
through 45), resulting in above resonance operation of 
the ballast inverter, hence allowing for ZVS. 
[001 7] The ballast system according to the present in- 
vention also comprises an overvoltage shutdown mech- 
anism including a circuit comprising the switching de- 
vice Q3 and resistor R4. The device Q3 is initially on 
because the output of the start delay timer is high. The 
voltage at junction a, i.e., the output of the R1 -R2 voltage 
divider, is provided to the comparator 32 to determine if 
the output voltage Vo is greater than a first overvoltage 



threshold V OVSD1 . If so, then the overvoltage shutdown 
timer 36 is activated to turn off the switching devices of 
the ballast inverter 10 via the gate driver 13 for an ov- 
ervoltage shutdown period, e.g., shown in FIG. 1 asbe- 
5 ing 2.5 seconds. Afterthe overvoltage shutdown period, 
the PWM regulator starts sweeping down again from the 
initial predetermined high frequency to start the lamps 
as described hereinabove. 

[0018] Hence, if either Vo (as sensed by the voltage 
10 divider R1 and R2 in parallel with R4) is greater than the 
overvoltage shutdown threshold voltage or the start de- 
lay timer output signal is high, then device Q3 is on and 
the lamp current sensed by resistor R3 is overridden 
through the diode-OR arrangement of diodes D1 and 
is 02, such that the PWM regulator 11 operates to sweep 
down through the frequency range as described here- 
inabove. 

[001 9] As an additional protective feature of the over- 
voltage shutdown scheme, the ballast system according 

20 to the present invention distinguishes between opera- 
tion above the resonant frequency and operation betow 
the resonant frequency. In particular, there is a second 
overvoltage shutdown voltage threshold V OVSD2 which 
is lower than the first overvoltage shutdown voltage 

25 threshold V OVSD1 , i.e., V OVSD2 < V OVSD1 . The lower 
threshold V 0VSD2 is activated only after the lamps are 
on and running normally by turning off Q3, thus increas- 
ing the gain of the voltage divider (a larger fraction of Vo 
is now fed to comparator 32 via the R1-R2 voltage di- 

30 vider). The reason two threshold levels are needed is 
that the upper threshold V OVSD1 is not low enough to 
prevent lamp operation below resonance. For example, 
if a lamp were to fail during running operation, then the 
output voltage would increase but not enough to trip the 

35 first overvoltage level V OVSD1 . However, with the second 
overvoltage threshold V OVSD2 enabled after a startup in- 
terval, once either of the lamps fails, the output voltage 
reaches the second overvoltage threshold, activating 
the overvoltage shutdown timer 36 and the gate driver 

to 13 js shut down and the starting process begins again. 
Otherwise, without this additional protective feature af- 
forded by the second overvoltage threshold, the control, 
which would be operating below resonance, would seek 
to raise the lamp current by lowering the frequency and 

45 thus would stay below resonance so that ZVS would not 
be possible, losses would be high and there would be a 
danger of damaging the inverter switching devices. 
[0020] After the lamps start such that the start delay 
timer output is low and the overvoltage shutdown timer 

50 output is low, the ballast system operates in its normal 
feedback mode, i.e., sensing the lamp current with the 
resistor R3 and providing the lamp current as an input 
through the absolute value circuit 24 to the PWM regu- 
lator 11. Note that once the lamps have been started, 

55 the output of the overvoltage shutdown comparator 32 
does not go low until after a time delay determined by 
the RC circuit 41 which may be on the order of, for ex- 
ample, 100 ms to ensure that the lamps are on before 
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the second overvoltage threshold is activated. 
[0021] During normal running operation, the PWM 
control scheme implemented in this ballast inverter de- 
sign has a two-fold effect on the output voltage Vo. In 
particular, the gate driver 13 is controlled by the PWM 
regulator 11 to provide a constant OFF-time for the in- 
verter switching devices Q1 and Q2, but to provide a 
variable ON-time. Suitable PWM regulators 11 are, for 
example, devices numbered UCX862 and UCX864 
manufactured by Unitrode Corporation. By keeping the 
OFF-time constant and varying the ON-time for the in- 
verter switching devices, both the frequency and duty 
ratio of the squarewave voltage Vsq WV at the primary 
of transformer To are varied. The variation in switching 
frequency affects the ballast inverter output voltage Vo 
as shown in FIG. 2. The variation of duty ratio of the ac 
voltage Vsqwv has an added influence on the inverter 
output voltage Vo. At the minimum operating frequency 
of the ballast inverter, the PWM regulator is set up to 
operate with approximately equal ON-time and OFF- 
time, resulting in 50% duty ratio of switching devices 01 
and Q2. This makes the amplitude V ac1 of the funda- 
mental component of the V SQWV voltage highest for a 
given dc input voltage V^. When the lamps are 
dimmed, the ballast inverter frequency is increased by 
reducing the ON-time of the PWM regulator, and the du- 
ty ratio of the two switching devices Q1 and 02 is no 
longer 50%. (The duty ratio of Q1 is lower than 50%, 
while the duty ratio of Q2 is higher than 50%.) As a re- 
sult, the fundamental component V ac1 of the voltage 
v sqwv nas lower amplitude than at 50% duty ratio, all 
else being equal. Since the input voltage v ac to the res- 
onant circuit of FIG. 1 is proportional to the fundamental 
component V ac1 of the transformer primary voltage 
v sowv ( tne constant of proportionality being the trans- 
former turns ratio), it is apparent that a change in the 
duty ratio of the switching devices directly affects the 
amplitude of the transformer secondary voltage v ac and 
output voltage Vo. The combined effect of the frequency 
variation and the duty ratio variation is control of the out- 
put voltage to achieve full dimming range over a rela- 
tively narrow frequency range. Advantageously, the nar- 
row frequency range results in lower switching losses, 
reduced likelihood of interference with other equipment, 
and reduced resonant component stresses. In addition, 
operation in theZVS mode for any lamp operating mode 
(including lamp failures) is guaranteed by virtue of the 
dual overvoltage threshold level circuitry. 

Claims 

1 . A ballast system for at least one dimmable fluores- 
cent lamp (12,22), comprising: 

a ballast inverter (10) for driving said at least 
one dimmable fluorescent lamp to provide light 
output, said ballast inverter comprising a reso- 



8 

nant switching inverter (L^CJ for providing an 
output voltage for operating said lamp; 
a gate driver circuit (1 3) for providing gating sig- 
nals to said resonant switching inverter over a 
s frequency range; 

an inverter controller (11) for providing control 
signals to said gate driver circuit for controlling 
resonant operation of said ballast inverter to 
start the lamp by sweeping through an operat- 
ic ing frequency range beginning with a predeter- 
mined relatively high initial frequency and con- 
tinuously reducing the operating frequency until 
said output voltage is sufficiently high to start 
said lamp; and 

15 an overvoltage shutdown circuit coupled 

(32,36) to said lamp for shutting down said in- 
verter for an overvoltage shutdown period 
whenever said output voltage exceeds an ov- 
ervoltage shutdown threshold, said inverter 

20 controller again providing control signals for 

sweeping through the operating frequency 
range beginning with the predetermined rela- 
tively high initial frequency to start the lamp af- 
ter the overvoltage shutdown period; charac- 

25 terlzed by 

said inverter controller providing control signals 
to said gate driver circuit for maintaining oper- 
ating above resonance after starting the lamp 
such the said ballast inverter operates in a sub- 

30 stantially zero-voltage switching mode. 

2. The ballast system of claim 1 wherein said overvolt- 
age shutdown threshold comprises a first overvolt- 
age shutdown threshold during lamp starting and a 

35 second overvoltage shutdown threshold during nor- 
mal running operation, said first overvoltage shut- 
down threshold being greater than said second ov- 
ervoltage shutdown threshold in order to enable 
lamp starting and to avoid operation below reso- 

40 nance. 

3. The ballast system of claim 1 , further comprising a 
sensing device (R 3 ) for providing a signal indicative 
of light output from said lamp. 

45 

4. The ballast system of claim 3 wherein said sensing 
device comprises a current sensor for sensing cur- 
rent in said lamp. 

so 5. The ballast system of claim 4 wherein said inverter 
controller comprises a PWM regulator circuit for re- 
ceiving an input current command (i*) and compar- 
ing the sensed lamp current therewith. 

55 6. The ballast system of claim 1 , further comprising a 
start delay timer circuit (40) for delaying starting of 
said lamp until sufficient time has elapsed to allow 
for lamp filament heating. 
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7. The ballast system of claim I wherein said overvolt- 
age shutdown circuit comprises a switching device 
(32) for changing the gain of the output voltage 
sensing circuit. 

5 

8. The ballast system of claim 1 wherein the OFF-time 
of said gating signals is constant, the ON-time of 
said gating signals being variable in order to vary 
the frequency and amplitude of the output voltage 
from said switching inverter. 10 



Patentansprtiche 

1. Vorschalt- bzw. Ballastanordnung fur wenigstens is 
eine dimmbare Leuchtstofflampe (12, 22), enthal- 
tend: 

einen Ballast-Wechselrichter (1 0) zum Speisen 
wenigstens einer dimmbaren Leuchtstofflampe 20 
fur eine Lichtabgabe, wobei der Ballast-Wech- 
selrichter ein Schwingschalt-Wechselrichter 
(L1 , C4) aufweist zum Liefern einer Ausgangs- 
spannung zum Betreiben der Lampe, 
eine Gate-Treiberschaltung (13) zum Liefern 25 
von Steuersignalen an den Schwingschalt- 
Wechselrichter uber einem Frequenzbereich, 
eine Wechselrichter-Steuerung (11) zum Lie- 
fern von Steuersignalen an die Gate-Treiber- 
schaltung zum Steuern des Schwingbetriebs 30 
des Ballast-Wechswelrichters, urn die Lampe 
zu starten durch Streichen uber einen Betriebs- 
frequenzbereich, der mit einer vorbestimmten 
relativ hohen Anfangsfrequenz beginnt und die 
Betriebsfrequenz kontinuierlich senkt, bis die 
Ausgangsspannung ausreichend hoch ist, urn 
die Lampe zu starten, und 
eine Uberspannungs-Ausschaltschaltung, die 
mit der Lampe gekoppelt ist (32, 36), urn den 
Wechselrichter immer dann fur eine Uberspan- 40 
nungs-Ausschaltperiode auszuschalten, wenn 
die Ausgangsspannung einen Ausschalt- 
Schwellenwert der Uberspannung uberschrei- 
tet, wobei die Wechselrichter-Steuerung nach 
der Uberspannungs-Ausschaltperiode wieder 
Steuersignale liefert zum Uberstreichen des 
Betriebsfrequenzbereiches, der mit der vorbe- 
stimmten relativ hohen Anfangsfrequenz be- 
ginnt, urn die Lampe zu starten, dadurch ge- 
kennzelchnet, daB so 
die Wechselrichter-Steuerung Steuersignale 
an die Gate-Treiberschaltung liefert, urn den 
Betrieb nach dem Starten der Lampe uber Re- 
sonanz zu halten, so daB der Ballast-Wechsel- 
richter in einem im wesentlichen spannungslo- 55 
sen Schaltmodus arbeitet. 

2. Ballastanordnung nach Anspruch 1, wobei der 



Uberspannungs-Ausschalt-Schwellenwert einen 
ersten Uberspannungs-Ausschalt-Schwellenwert 
wahrend des Lampenstartens und einen zwerten 
Uberspannungs-Ausschalt-Schwellenwert wah- 
rend des normalen Laufbetriebs aufweist, wobei 
der erste Uberspannungs-Ausschalt-Schwellen- 
wert grosser als der zweite Uberspannungs-Aus- 
schalt-Schwellenwert ist, um ein Lampenstarten zu 
ermoglichen und einen Betrieb unter Resonanz zu 
verhindern. 

3. Ballastanordnung nach Anspruch 1, wobei femer 
eine Abtastvorrichtung (R 3 )vorgesehen ist zum Lie- 
fern eines Signals, das die Lichtabgabe von der 
Lampe anzeigt. 

4. Ballastanordnung nach Anspruch 3, wobei die Ab- 
tastvorrichtung einen Stromsensor zum Abtasten 
von Strom in der Lampe aufweist. 

5. Ballastanordnung nach Anspruch 4, wobei die 
Wechselrichter-Steuerung ein Pulsbreitenmodula- 
tions-Regelschaltung aufweist zum Empfangen ei- 
nes Eingangs-Sollstroms (i*) und zum Vergleichen 
mit dem abgetasteten Lampenstrom. 

6. Ballastanordnung nach Anspruch 1 , wobei femer 
eine Startverzogerungs-Zeitsteuerschaltung (40) 
vorgesehen ist zum Verzogern des Lampenstarts, 
bis ausreichend Zeit vergangen ist, um eine Erwar- 
mung des Lampen-Gluhfadens zu gestatten. 



7. Ballastanordnung nach Anspruch 1 , wobei die 
Uberspannungs-Ausschaltschaltung eine Schalt- 
35 vorrichtung (32) zum Verandern der Verstarkung 
der Ausgangsspannungs-Abtastschaltung auf- 
weist. 



8. Ballastanordnung nach Anspruch 1 , wobei die Aus- 
schattzeit der Steuersignale konstant und die Ein- 
schaltzeit der Steuersignale variabel ist, umdie Fre- 
quenz und Amplitude der Ausgangsspannung aus 
dem Schalt- Wechselrichter zu verandern. 



Revendications 

1 . Systeme de ballast pour au moins une lampe fluo- 
rescente attenuable (12, 22), comprenant : 

un onduleur (10) de ballast pour exciter ladite 
au moins une lampe fluorescente afindefournir 
une sortie de iumiere, ledit onduleur de ballast 
comprenant un onduleur de commutation os- 
cillant (L-, , C 4 ) pour fournir une tension de sortie 
servant a faire fonctionner ladite lampe ; 
un circuit pilote (13) de grille pour fournir des 
signaux de ddblocage audit onduleur de com- 
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mutation oscillant sur une plage de 
frequences ; 

un contrdleur (11) d'onduleur pour foumir des 
signaux de commande audit circuit pilote de 
grille pour commander le fonctionnement os- 5 
cillant dudit onduleur de ballast pour allumer la 
lampe en balayant une plage de frequences de 
fonctionnement en commencant avec une fre- 
quence initiate predelinie relativement 6levee 
puis en reduisant de fa9on continue la frequen- 10 
ce de fonctionnement jusqu'a ce que ladite ten* 
sion de sortie soit suffisamment 6levee pour al- 
lumer ladite lampe ; et 

un circuit de protection contre les surtensions 
couple (32, 36) a ladite lampe pour eleindre le- is 
dit onduleur pendant une periode d'arret de sur- 
tension a chaque fois que ladite tension de sor- 
tie depasse un seuil d'arret de surtension, ledit 
contrdleur d'onduleur fournissant de nouveau 
des signaux de commande pour balayer la pla- 20 
ge de frequences de fonctionnement en com- 
mencant avec la frequence initiale pr6d6finie 
relativement elevee pour allumer la lampe 
apres la periode d'arret de surtension ; carac- 
terise par le fait que 25 

ledit controleur d'onduleur fournit des signaux 
de commande audit circuit pilote de grille pour 
maintenir le fonctionnement au-dessus de la reso- 
nance apres aliumage de la lampe de telle maniere 30 
que ledit onduleur de ballast fonctionne dans un 
mode de commutation a tension sensiblement nul- 
le. 

2. Systeme de ballast selon la revendication 1 , dans 35 
lequel ledit seuil d'arret de surtension comprend un 
premier seuil d'arret de surtension pendant I'allu- 
mage de la lampe et un deuxieme seuil d'arret de 
surtension pendant le fonctionnement etabli nor- 
mal, ledit premier seuil d'arret de surtension etant 40 
superieur audit deuxieme seuil d'arret de surtension 
afin de permettre I'allumage de la lampe et d'eviter 

le fonctionnement sous la resonance. 

3. Systeme de ballast selon la revendication 1 , com- 45 
prenant en outre un dispositif de mesure (R 3 ) pour 
fournir un signal representant la lumiere emise par 
ladite lampe. 

4. Systeme de ballast selon la revendication 3, dans 50 
lequel ledit dispositif de mesure comprend un cap- 
teur de courant pour mesurer I'intensite dans ladite 
lampe. 

5. Systeme de ballast selon la revendication 4, dans ss 
lequel ledit controleur d'onduleur comprend un cir- 
cuit de regulateur MLI pour recevoir une instruction 
d'intensite d'entree (i*) et la comparer a I'intensite 
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de la lampe mesuree. 

6. Systeme de ballast selon la revendication 1 , com- 
prenant en outre un circuit de temporisation de re- 
tard d'allumage (40) pour retarder I'allumage de la- 
dite lampe jusqu'a ce qu'un temps suffisant ce soit 
ecoule pour permettre au filament de la lampe de 
chauffer. 

7. Systeme de ballast selon la revendication 1 , dans 
lequel ledit circuit de protection contre les surten- 
sions comprend un dispositif de commutation (32) 
pour modifier le gain du circuit de mesure de tension 
de sortie. 

8. Systeme de ballast selon la revendication 1 , dans 
lequel le temps d'ARR&T desdits signaux de deblo- 
cage est constant, le temps de MARCH E desdits 
signaux de blocage 6tant variable afin de faire va- 
rier la frequence et I'amplitude de la tension de sor- 
tie provenant dudit onduleur de commutation. 
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